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DISCUSSION
C. F. SCOTT:-The paper we have just heard read is a rematk-

able one, and will probably be considered unique among the
papers pres3nted to our INSTITUTE. Our papers usually deal
with results that have been accomplished, or with various
methods of accomplishing ordinary engineering objects. This
paper is of another order-it reaches into the future, and ex-
plores the unknown field of high-pressure work.
We can properly consider the work that has been done in high-

pressure transmission in the light of an advance into an unknown
and undeveloped country; some progress is made each year;
within the last dozen years, pressures have risen by thousands and
tens -of thousands of volts; with each increase of pressure, new
difficulties have arisen-new phenomena have appeared, new
problems have come to the designer, to the operator, and to the
experimenter. The paper is of particular interest, as it deals
with things outside the present range of commercial practice, but
toward which engineering work is now fast approaching. If
this paper had been presented 15 or 20 years ago, it would
probably have been regarded by the practical engineering world
as visionary-sonmething in the nature of static electricity, and
something that active, practical people have little to do with;
but to-day, engineering work is very near to those limits at which
this paper indicates certain physical barriers to the further ad-
vance in power transmission.
The mention of the speaker's name in the paper, suggests some

reminiscences of early work on this subject. It was about ten
years ago that the need of experimental investigation of very high
pressure became evident; little or nothing was known regarding
insulators for high-pressure work, and it was a question whether
there might not be some new kind of phenomenon involved
which was not then understood. At that time, the maximum
pressure of transmission apparatus was about 10 000 volts; the
experimental work involved the manufacture of a high-pressure
transformer, the making of tests on insulators and lines, and the
exploring, in a general way, of the phenomena of high pressures.
A transformrer of 40 kw.-then quite large-was built, for a
pressure of 40 000 volts at one step, ancd was used in the various
tests. Discharges from the surface of insulators were noted; some
of the lines that were run in the laboratory were 25 to 30 feet
long, composed of small wires strung four or five inches apart,
alternate wires being connected to the opposite terminals, mak-
ing a network of high-pressure wires. As the pressure was raised,
there was at first a slight hum, then a louder hum, and a glow,
developing into a loud noise, accompanied by the smell of ozone;
the appearance of light, sound, and ozone, appealing to the three
different senses, meant the expenditure of energy in their pro-
duction, and indicated a loss. Measurements of these losses were
attempted, but the instruments at hand were not satisfactory,
and the results not good.
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Some time after that, as mentioned in Professor Ryan's paper,
Mr. Mershon took up the work at Telluride, and succeeded, after
overcoming great difficulties, in obtaining the results with which
his name is connected, and which reflect such great credit upon
his persistence and ability. Professor Ryan took up the problem
where Mr. Mershon left it. Mr. Mershon had measured the
losses, which were of considerable magnitude, and increased very
rapidly above a certain critical voltag,e. Professor Ryan has
put these results to the test of a rigorous experimental investiga-
tion, to determine the formula to express the beginning of this
discharge, and has, moreover, investigated the exact natute of
the discharge itself.

In the discussion of Professor Ryan's paper at Niagara Falls
last Summer, the speaker took occasion to remark that his
cathode ray indicator was valuable not only as a result of his
research, and as a beautiful thing in itself, but also as a means-
an instrument, bv which results of a valuable character could be
obtained. Now Professor Ryan has the honor to present to us
a paper in which that instrument has been put to most excellent
use.
SAMUEL SHELDON:-There are four distinctly different types of

conduction through the atmosphere at ordinary pressures and
temperatures; namely, the glow discharge, the brush discharge,
the spark, and the arc.
The glow is blue-violet in color, is silent, forms in some cases

a velvety covering over- the electrode terminal, is a continuous
discharge to the same extent as is the current from a primary or
secondary cell, and exhibits a polar preference starting, with
dissimilarly shaped electrodes, at a lower difference of electrode
potential in one direction than in the other. It may be made
up of an innumerable number of little convexions of electricity,
as is a current which comes from any electrochemical source.
The dielectric field strength at which this discharge is started has
a minimum value. The discharge is maintained after this value
is reached up to a certain limit, when the character of the dis-
charge changes.
The brush is red-violet in color, gives a hissing sound, is prob-

ably intermittent in character, follows many unbranched paths
which exhibit a tendency to separate from each other, and shows
a polar preference similar to that shown by the glow discharge.
The spark is noisy, often follows forked or branched paths, and

is often oscillatory in character.- It is white in color but partici-
pates in the color of the incandescent vapors of the electrode
materials. This coloring is prominent with iron electrodes and
the characteristic ultra-violet radiations are very strong.
The arc discharge is familiar to all, has the color of the incan-

descent vapors of the electrode material, owes its conductivity
largely to the presence of these vapors, and is quiet or makes
characteristic noises.
The glow and the brush discharges are probably due to gaseous
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ionization, and this corona discharge is prolb)ably a combination
of both of these discharges. As the pressure rises, first comes,
the glow, and then comes the brush; and as it falls, the brush
drops off and then the glow. There is a preference of polarity
as shown in Fig. 4' of the paper, where the little hump on the
curve starts at a pressure of about 18 000 when the current is int
one direction, and at about 21 000 when the current is in the
opposite direction. This does lnot appear in Fig. 5'; but in Fig. 6,
the pressure at the start of the prominent hump is something like
17 000, whereas the second hump starts at a little less than
.20 O0 volts.
The dielectric field intensitv which is necessary to start a glow

or a brush discharge in the atmosphere at normal conditions of
pressure and temperature is smaller than that necessary to pro-
duce a spark. Therefore if the method of measurinLg high pres--
sures which is suggested in the paper, be adopted, the breakdown
value of 10 000 volts per inch in free air, which is the colnstant
used in this paper and which is the value adopted by the INSTI-
TUTE as a result of Steinmetz's experiments, should be aban-
doned and a new constant should be determined.
HAROLD B. SMITH:-AS a discussion of this paper was not.

contemplated for this evening there is but one point which,
possibly, may be added to an expression of -most thorough
appreciation which is felt for the work that has been done by
Professor Ryan and of all that it signifies for the development of
high-pressure work. He makes a reference in his paper to the
form of electrometerwhichwe have used successfully at Worcester
for two or three years, for high-potential measurements. Some
details of the way in which this electrometer was developed may
be of interest. In 1901, four graduate students in electrical
engineering at the INSTITUTE undertook the design and con-
struction of a 500 000-volt transformer. In carrying out this
work, we desired, after building the transformer and after getting
discharges over spark gaps ranging up to four feet (1.22 metre),
to measure the voltage; so it was proposed to use an electrostatic:
instrument measuring the voltages about the several coils of the
secondary and adding them as a preliminary step. One or two
of the men who were at work on this problem are in the audience
and presumably they will remember the following circumstance.
The electrostatic instrument registered as expected for the first
few measurements, but the middle of the secondarv of the trans--
former being earthed, as we proceeded away from the earth the
readings became less and less, although it was known that the:
number of convolutions in the several secondary coils had been
carefully counted and did not varv. A point was soyon reached
at which a zero reading upon the instrument was given and then
reversed deflections of the electrostatic voltmeter were secured.

Proceeding from this point, the line of reasoning developed the
conclusion'that the absolute potential impressed upon the instru-
ment was, in its efect, in excess of the effect due to the differenca
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of potential and so there resulted a repulsion of the parts of the
electrostatic instrument in place of attraction as would ordinarily
occur in the measurement of differences of potential. This at
once led to the conception of the use of a re.pulsion v)oltmeter in
which the fixed and movable parts were connected together and
attached to a single wire leading to the instrument so as to
depend wholly upon the repulsion due to the absolute potential
of the system. This proved a peculiarly adaptable instrument
for this work, where it was necessary to deal with potentials which
would jump three or four feet, as it was necessary to lead but one
wire to the instrument. Although the instrument was developed
in this way, now that we have it in use it proves to be nothing
more than an old-fashioned electroscope modified to meet suc-
cessfully the conditions. imposed by high pressures.

P. H. THOMAS:-In speaking of the apparent enlarging of the
diameter of the wire to a certain pressure, does Professor Ryan
wish us to think of the phenomenon as though we actually had a
larger metal conductor, and that the electricity passes into the
air and stays there within a definite volume? Or is it more
probable that when it has once left, the wire will remain mobile,
and the distance the clharge passes over the surface of the wire
will depend upon the time of duration of the excessive strain. If
the latter is the case, we should find a difference, with different
rates of alternations, unless the greater duration of time required
for one alternation exactly balances the effect of the variations
in a number of alternations; but the writer understands that no
such difference has been found. Is this correct?

HARRIS J. RYAN:-Tbe question cannot be answered verv
directly. This much, however, is certain: that one can pass
very small currents through the atmosphere over large distances,
with low frequencies, or with direct currents, provided that the
wire is so small that the atmosphere breaks around its surface;
ionization occurs, or electrons are set free, and they go from one
wire to the other; but there seems to be no conduction
of that character of sufficient magnitude to give rise to
quantities that must be reckoned with in engineering.

P. H. THOMAS:-The speaker cannot conceive, at the present
time, of a limiting surface to the air to which the electricity
would go and there stop, without some further condition entering
to determine physically the demarcation of the conductinig space.
Can Professor Ryan suggest any such idea? The air being a per-
fect gas, has, within itself, no force that can resist permanently
at a definite point the tendency of the electricity to pro eed
further.
HARRIS J. RYAN:-In the experiment just cited, if the diameter

of the wire'is considerable at ordinary pressures, then there will
be no Cischarge from one wire to the other. If the diameter of
the wires is so small that at the pressure you apply between the
wires, the atmosphere is broken around these wires, then there
will be a discharge from wire to wire. In using high-pressure
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continuous-current dynamos connected up in series for checking
these experiments, one gets the conduction effect a little before
the arc forms between wire and wire. However, with a Holtz
machine you can produce a continuous pressure very much
higher, and in the laboratory one can thus carry a Sm,all contin-
UOuS current between small wires; for example, those having
a diameter of three mils, from side to side through the atmos
phere of a room. Such conduction will occur, however, only
when the diameters of the wire are so small in relation to the
pressture generated by the Holtz machine that structural rupture
of the atmosphere occurs near the surface of the fine wires,-elec-
trons are thereby set free, causing conduction. At certain
larger conduction radii, dependent upon the pressure employed,
appreciable atmospheric conduction will occur.

P. H. THOMAS :-In passing electricity through a vacu-ftm,
which is almost perfect, we have three electromotive force re-
sistances to consider; one is the force preventing the electricity
from. leaving one of the electrodes, another preventing it from
entering the other electrode, and the third, the resistance to
passing through the vacuum space. The resistance to passing
tlhrough the vacuum, with high exhaustion, is not very consider-
able, but is measurable. But with atmospheric pressures it
1m11ust be tremwnendous. Have we not these elements in this case,
or at least two, to consider; the force necessary to pass the cur-
rent througgh the air and that of leaving or entering the wire?
The resistance from the electrode is different from that
into the electrode. If that is true, as Dr. Sheldon suggested,
-we should then find a difference between the positive and nega-
tive limits of the alternating current due to the electrode effect,
though not the portion of the total resistance which is due to the
resistance of the air. Possibly that may explain th-e slight
difference betwteen positive and negative which he notes. Have
you found any difference between the positive and the negative?

HARRIS J. RYAN:-This matter has not been investigated
and therefore the speaker has no knowledge of it. With alter-
nating currents, of course, one conductor is first positive and
then it is negative. The electrons are. fired forth at one impulse
-and upon the following impulse they return again. With alter-
nating current these. phenomena are very hard to study. When
we have very high continuous current dynamo pressures for
laboratory work, those capacity phenomena that are ever present
-in our experiments with high alternating-current pressures will
be eliminated and with high continuous-current pressures this
phenomenon can be studied -with success.

P. H. THOMAS:-Different materials require radically different
electromotive forces to pass electricity to the electrode. It
would be interesting to study those materials which have shown
the greatest differences in this connection. Aluminum and
,copper would be two which would have a different effect, prob-
ably. Have on. not tried these metals, to see what difference
there is?
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H. J. RYAN:-Probably you are right, that the constants
will be somewhat different for these different metals. Iron and
brass and copper were used rather indiscriminately in deter--
mining the flux densities at which coronas are established in
relation to changes in the curvature of conductors, and no;
noticeable difference due to these different metals was found, but,
the subject being new, the measurements are not refined enough
to studv these matters to best advantage. They are important,
and some one should take them up and study particularly the
nanner in which flux densities are different for the aluminum
with respect to copper.

P. H. TPHOMAS:-The speaker made direct measurements with
a quadrant electrometer, used as a wattmeter, of the loss into air,
in a 50 000 volt circuit, nearly 100 miles long, the same instru--
1nent as described by Mr. Miles Walker before the INSTITUTE atr
the Great Barrington meeting. The losses began to be measur-
able at about the same pressures found by Professor Ryan,-that.
is, at fromi 20 000 to 25 000 volts, to ground; the loss increased
very rapidly.

In the measurements mnade, the loss at 60 000 volts betweeln
the wires was approximately 10 kw., an insignificant loss as far
as power transmission is concerned, but, nevertheless, verv
appreciable.

P. M. LINCOLN:-In reading over abstract of Professor Ryan's&
paper on " The Conductivity of the Atmosphere at High Volt-
ages," the questions which are apt to occur to the practical high-
pressure engineer who has a line to operate are:
1-Is there any loss in my line due to the effect whiclh Professor-

Ryan calls the " corona " effect. If so, how much?
2-If these losses are not taking place at present pressure, to

what extent will they enter if pressure be raised?
3-If these losses are taking place, what remedies can be ap-

plied to prevent?
How far are these questions answered by the paper which

Professor Ryan has presented? To the first question the answer
seems to be definite and complete. We may readily determine
from the formula that for the worst conditions which would occur
in actual practice; viz: a No. 6 wire with a spacing of say forty-
eight inches, this corona loss at sea level does not begin until the
voltage has reached 'the neighborhood of 100 000 effective. For
the maximum altitude at which transmission is apt to be carried
on, say 10 000 feet above the sea level, the pressure at which the
loss begins may be- as low as 65 000 for the worst cases, but even
then the pressure at which the corona loss begins is still consider-
ably beyond the limits of the actual practice of to-day. The
question of corona loss, therefore, is evidently one for the future
to decide and not one which should disturb high-pressure engi-
ileers of to-day.
The formula which Professor Ryan gives at once tells us the

pressure at which this corona loss begins to appear, and the
other data cited apparently checks this formula closely. TheO
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voltage at which this loss begins depends upon borometric pres-
.sure, temperature, radius and spacing of the wires, and upon two
additional quantities designated " d " and "'D'." These two
last mentioned quantities are, so far as can be judged, from the
abstract at hand, empirical in their nature. The pressure at
which the loss begins is apparently entirely independent of fre-
quency.
When we come to the second question, the answer is not so com-

plete. To know the pressure at which this form of loss begins is
of course important but it is even more important to know how
much it amounts to for any given voltage excess above the point
of beginning. For one particular case, which by the way is en-
tirely outside the realm of practice, Fig. 7 gives the answer.
What the relative losses are, however, for conditions which
would occur in practice the paper leaves undetermined.
Normal progress is bound to carry transmission pressures

beyond those that exist to-day, therefore the third question as to
remedies to apply has a decided bearing. It is well known that a
good rubber insulation on the wire' will almost entirely prevent
this corona loss, at least within the lower limits of pressure at
which the effect occurs.

It would be interesting to determnine the effect of various
kinds of insulation on the wire, in so far as their influence in pre-
venting this loss is concerned.
The method applied by Professor Ryan is most ingenious and

we hope that the record of the work done by him which is given
:in this paper is not the last which will be done along similar lines.

[COMMUNICATED AFTER ADJOURNMENT BY G. T. HANCHETT.]
In 1895 the writer investigated the visible phenomena sur-

rounding the electric discharge, and having no large sources of
potential at hand, used an ordinary 1-inch induction coil, and
viewed the discharges under the microscope. Two terminals of
thin metal foil were gummed to the slide of the instrument, and
arranged so that they would appear in the field of a 0.25 inch
objective, and passed discharges between them of varying
strength. One of the most interesting points developed was that
the negative terminal was distinctly hotter than the positive ter-
minal, and when the discharge had reached the sparking point,
the negative terminal melted very rapidly, while the positive
remained practically intact.

Professor Ryan's investigations of the effect of temperature on
the dielectric strength of air, together with this phenomena, seem
to explain Dr. Sheldon's remarks about the difference of potential
required to strike between a knob and ball. When the point is
the negative, the heat developed there is concentrated, the tem-
perature is high, and the air breaks down easily at a,low pressure.
When the point is positive, the heat developed by the discharge,
being large at the negative pole, is readily radiated by the large
surface of the ball, the temperature is lower, and the discharge
does not find as easy a path.
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Concerning Mr. Scott's remarks about the ozone that is gener-
ated, it might be interesting to add that in case of direct currents
it is easily shown that ozone is generated in larger quantities at
the negative pole. The most convenient means of detecting this
is a solution of starch and potassium iodide.

Not the least feature of interest in Professor Ryan's paper is
his denial of the theory that a moist atmosphere necessarily in-
yvolves great leakage. His experiments conclusively show that
this is not the fact, and we may therefore attribute any addi-
tional leakage which our lines experience in moist weather en-
tirely to the accumulation of moisture on the insulators, and not
at all due to the increased tendency to brush discharge leakage
throug-h the atmosphere itself.

[COMMUNICATED AFTER ADJOURNMENT BY ELIHU THOMSON.]
The paper of Professor Ryan brings out clearly the relation

between the different factors which cormbine to influence the
voltage at which atmospheric loss begins or becomes serious.
He has been able to deduce a formula for calculating that voltage
under varying conditions of atmospheric pressure, temperature,
etc. The data obtained by Mr. Mershon and Professor Smith
are shown to fit in with Professor Ryan's results. As he points
out, the lower values of effective voltages obtained in the Smith
observations are without doubt due to the distortion of the wave
form into one more peaked. The true character of the atmos-
pheric loss is pointed out by Professor Ryan in connection with
his very interesting plottings in Figs. 3', 4', 5', and 6'. The loss
is due to an enlarged capacity-current working over the high
resistance layer, which virtually adds to the diameter of the con-
ductor. The addition of this broken-down air layer takes place at
a critical voltage and its amount rapidly increases with any in-
crease beyond the critical value. In Fig. 6' the effect is that of
a greatly enlarged capacity coming into existence at something
under 20 kilovolts in Professor Ryan's experiment, if the writer
correctly interprets the results. In Fig. 3' the voltage Iwave
attains a maximum of 22 kilovolts without showing the indica-
tions of atmospheric loss. Increasing the voltage as in Figs.
4 ', 5', and 6', shows that the upward bend of the charging current
curve begins at a value considerably below 20 kilovolts. This
may be due to ionization or heating of the air layer by the prior
waves. If this be true it should become more pronounced at
higher frequencies. It might probably be a useful exte sion to
study the effects when the conductor was kept hot and cold air
circulated about it, and also the result when the conductor being
maintained at a much lower temperature than the surrounding
air. The highly interesting and practical results obtained by
Professor Ryan serve as an illustration of the value of the inertia-
less cathode ray wave indicator in the development of which. he
has succeeded so admirably.



1904.] COMiMUNICA TED AFTER ADJOURNMENT. 143

[COMMUNICATED AFTER ADJOURNMENT, DIsCUSSING "THE CON-
DUCTIVITY OF THE ATMOSPHERE AT HIGH VOLTAGES."

BY RALPH D. MERSHON.]
This paper takes up a number of points which the writer was

desirous of attacking at Telluride, but which lack of facilities
prevented.
The fact that the critical point in the loss curve; i. e., the point

at which the atmospheric loss suddenly begins, is marked by the
beginning of luminosity was appreciated by the writer in the
Telluride work, and made use of to a slight extent in studying the
question as to the influence which the material and the condition
of the surface of the conducting wires had on the critical point.
It was found that the condition of the surface as to its roughness
had a very decided bearing on the critical point, any, roughness
causing it to occur at a much lower voltage than with a snmooth
surface. There was apparently also some difference in this regard
due to the material of the conductor.

Luminosity, however, is not the only evidence of the critical
point. The rustling or crackling sound, very apparent in the
case of an overhead line, is also coincident with it; also, curious
as it may seem, the critical point is ilndicated very accurately by
the twitching of the hair and moustache. This was first noticed
in some readings on a wattmeter inserted directlv in the high-
voltage circuit and over which the observer had to lean, bringing
his face and body within 18 to 24 inches of the instrument. The
metallic case of the wattmeter was connected to one leg of the
circuit in order to take advantage of the shielding action of the
case against any electrostatic influence. A number of trials
showed that the observer could, with fair accuracy, tell when
the critical point had been reached.
As to the question of frequency, the Telluride measurements

were conducted at a frequency of 60 cycles and also at 30 cycles,
but no difference could be detected which could not be laid to
errors in the instruments.
There are two points in which Professor Ryan's paper is in

error. The work at Telluride was done in 1896-1897; the srLeas-
urements were made at voltages as high as 72 000 volts and a
voltage as high as 133 000 volts was impressed upon the line.
No measurements were taken, though several photographs were
secured at this latter voltage.

Referring to the possible contention, mentioned on page 128 of
Professor Ryan's paper, that the line-loss curves of the writer's
paper should be abrupt, there are some other points in support
of Professor Ryan's view One of thcse is that the line wires
could not be absolutely the same through their length as to rough-
ness and that at the rough portions the loss would first begin.
This was very apparent when viewing the Telluride line at night.
The line became luminous in spots, which at first seemed equally
spaced but which closer examination showed to be unequally
spaced. As the voltage was raised other luminous spots grad-
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ually developed at points intermediate to the first ones, and this
action continued until the whole line appeared more or less
luminous but never uniformly so. The spots were never far
apart, always at intervals small enough so that at a little distance
-the line suggested a string of luminous beads, and it shows as such
-in the photographs taken. Each one of these luminous beads
had a bunch of fine purple streamers from it. Another reason in
.support of Professor Ryan's view is that an alternating e.m.f. is
dealt with. At first just the top of the wave rises above the
critical voltage and as the voltage is raised, more and more of the
wave is effective above the critical value. This in itself tends
towards a more or less gradual increase in the loss curve.

(1COMMUNICATED AFTER ADJOURNMENT, DISCUSSING" THE CON-
DUCTIVITY OF THE ATMOSPHERE AT HIGH VOLTAGES."

By S. M. KINTNER.]
The writer's experience with the coronal formation on high-

voltage lines leads him to believe that the surface condition of the
wires is a factor that enters quite largely. This condition can
:hardly be incorporated in any formula expressing the relation
,among the various factors involved. An instance of this was
tquite forcibly brought to the writer's attention while working with
an arrangement of horizontal wires as a Hertz oscillator This
oscillator had another circuit in proper relation to it to prolong
the oscillations set up. The horizontal wires were bare copper,
about No. 16 B. & S. gauge, carefully insulated from and parallel
-o the earth, at a height of about six feet, both ends of the wire
toscillator being the same length. On carefully adjusting the
,oscillating period of the auxiliary circuit to that of the wires, as
was told by two independent tests, and viewing the wires in the
dark when the power was on, they were seen to glow very decid-
edly throughout about two-thirds of their length, the glow being
strongest at the ends and tapering down to darkness towards the
-middle. One wire was noticeably brighter than the other. An
<examination of the wires showed that one was old and very much
weathered-this one glowed the brightest-while the other was
new and had been exposed to the weather for the first time. On
the substitution of an old wire for the new, the glow was prac-
tically the same.

Another point, suggested by the reported experiences of the
Marconi Wireless Telegraph Company, in which they found it
-mnuch easier to send messages by night than day, is the question.
of the action of light, ultra violet, etc., upon the formation of the
corona and line losses at high voltage. It seems most likely that
there is some such action.
An examination of Professor Ryan's formula brings out the

great sensibility of the coronal formation to temperature varia-
tion. A variation of 5° fahr. causing 170 variation in the voltage
at which this phenomena takes place Taking as extremnes of
-temperature variation for cases that would likely occur on trans-
mission lines-say 25°fahr. to 125°fahr.-a range of 1500, which
would mean a 306% variation in the critical voltage


